To investigate changes in the diagnostic patterns, disease profiles courses and therapeutic strategies for severe forms of childhood nephrotic syndrome (NS), the clinical features of 1 349 children treated during two consecutive time periods, 1980-2000 (n=1 162) and 2001-2006 (n=187), were retrospectively reviewed. The significant increase in initial renal impairment, NS with hypertension, and NS with hypertension and hematuria was observed (27.7% vs 51.3%, 1.0% vs 5.3% and 16.4% vs 21.9%, respectively). The rate of both secondary steroid resistance (SR) and Focal Segmental Glomerulosclerosis increased significantly, (1.8% vs 5.6%, p=0.032, and 14.9% vs 29.0%, p=0.034, respectively). The initial renal insufficiency and hypertension were highly predictive of the development of stage 3 of chronic kidney disease (CKD3) among SR patients in a multivariate Cox regression (p=0.001) for years 1980-2000. A higher hazard of CKD3 in male SR patients from three to six years old was observed in [2001][2002][2003][2004][2005][2006]. Kaplan-Meier survival curves revealed a shift in the cumulative probability of CKD3, indicating a slower decline of the renal function for SR NS in the years 2001-2006 (p=0.008): the estimated five-year CKD3 risk was 39.7% vs 27.7%. Achievements in inducing remission and retarding the development of CKD3 in combination with increased severity of NS indicate the effectiveness of domestic strategies of NS management.
INTRODUCTION
The nephrotic syndrome (NS) is a relatively rare but severe form of glomerulopathy in children. The estimated global annual incidence rate of NS is 1.9 -2.6 cases per 100000 children [1] [2] [3] [4] [5] [6] . In general, nearly 80% cases of childhood NS are steroid sensitive (SSNS) and respond well to steroid treatment with favorable outcome [1, [7] [8] [9] . However, steroid resistance (SRNS) has been associated with adverse outcome in terms of potential development of stage 3 of chronic kidney decease (CKD3) [2, 10] .
The disparity between the clinical presentation, and the observed histopathological patterns, is the most important impediment in the prediction of disease outcomes and the development of safe and effective strategies in the management of childhood NS.
The aim of the present study was to investigate and compare the clinical, epidemiological, histological patterns and treatment response among the Ukrainian children with NS during two consecutive time periods (1980-2000 and 2001-2006) 
MATERIALS AND METHODOLOGY
In the present longitudinal retrospective study a cohort of 1 349 children with uniform ethnic background having NS as their primary diagnosis, were followed up in the referral clinic between January 1980 and May 2006. All patients manifested the most severe courses of NS characterized by frequent relapses or none response to initial steroid treatment in the local clinics.
To capture changing trends of clinical courses, responsiveness to the treatment and outcomes in the cohort under study, we specified two time intervals, from 1980 to 2000 and from 2001 to 2006. These intervals corresponded to the principally different strategies in management of childhood NS. The treatment approach accepted during the latter time period was relatively close to international protocols and was characterized by reduced cumulative doses of immunosuppressant in combination with pulse therapy. The treatment methods during the former time period were essentially based on the domestic protocols with prolonged steroid and cytotoxic therapy. Both strategies, however, rely on the more intensive courses of immunosuppressant which are in contrast to the international recommendations.
Children with age of NS onset <1.5 years, follow-up <3 years and those with secondary NS, were excluded from the study. The data reviewed were: age of onset, duration of disease, the relapse rate before the beginning of the treatment course in the clinic, renal histology, and response to steroid therapy, serial blood pressure measurements, and the outcomes. We also examined the biochemical data before and at regular intervals after the initiation of the treatment, including serum creatinine, creatinine clearance, serum albumin, cholesterol, urinalysis, and 24-h urinary protein excretion. The patients were followed up once a week in the first three months, every three months in the first year, and every six months thereafter.
Cohort of children was divided into five groups: from 1.5 to <3 years (1) , from three to <6 years (2) , from six to <9 years (3), from nine to <12 years (4) and, from twelve to 17 years (5).
The Ethics Committee of the Institute of Nephrology of the AMS of Ukraine approved of the study.
Definitions
A "classic" NS was defined by the presence nephroticrange proteinuria (urinary protein level >3g/24 hours, in the youngest age group -1 g/m 2 ), serum albumin <25 g/L, serum cholesterol >6.6 mmol/L, and edema [11, 12] .
Hematuria was defined as >5x10 6 red blood cells/L in uncentrifuged urine [12] .
Hypertension was defined as blood pressure (systolic and/or diastolic) >95 th percentile for age, gender, height percentile.
Initial renal insufficiency was defined as an increase of the serum creatinine level (100-460 mol/l) in the initial observation of less then three months. It was accompanied by a decrease of the glomerular filtration rate according to the Schwartz formula [13, 14] .
SS NS was defined as a complete remission after six weeks of prednisolone (PRED) with a dose 1.5-2 mg/kg/day. SR NS was defined as partial remission or no remission. Patients who responded to PRED therapy during the initial episode, but failed to respond in a subsequent relapse, were diagnosed with secondary SR [11, 12] .
Treatment response was classified as [11] : complete remission (total resolution of proteinuria and edema, serum albumin >30 g/L, serum cholesterol <6.6 mmol/L); partial remission (loss of edema, reduction to nonnephrotic levels proteinuria <2 g/day, decrease of changes in serum); none remission (the same NS status as at the beginning of the observation in the clinic with the persistence of nephrotic-range proteinuria, normal renal function -the glomerular filtration rate and serum creatinine level in age-related normal levels).
CKD3 was defined as no remission with a persistent decrease of the glomerular filtration rate <60 ml/min/1.73 m 2 (not less than 30 ml/min/1.73 m 2 ) for three months or longer [12] .
Relapse was defined as the recurrence of nephrotic range proteinuria (>3g/day) with serum abnormality (albumin <25 g/L, cholesterol >6.6 mmol/L) after the urine had been protein free for at least four weeks [12] .
Treatment Protocol
Our patients were treated initially for six weeks with 1.5-2.0 mg/kg body weight for PRED up to a maximum of 60 mg/day, divided into two or three doses (Fig. 1) [11] . In the case of SS, the same dose of PRED was prolonged up to eight weeks, after which the steroid agent was decreased by 5 mg/day to the supporting dose (30-50% of initial dose). The supporting dose was given for 6-9 months, either every second day or intermittent mode (three times a week) with tapered by 2.5 mg every 6-8 weeks till 2.5-5 mg.
Since 2000, the protocol with pulse Methylprednisolone was used. The dose of Methylprednisolone was 20-30 mg/kg/day ( 1 g) every other day, three times in total. Then, given that no side effects have been observed, it was once a week, two to four times in total [15] .
An immunosuppressive agent was prescribed when remission could not be achieved in six weeks of PRED or when relapse occurred. The first line steroid-sparing agent was either Chlorambucil or Cyclophosphamide prescribed for 8-10 weeks. Chlorambucil was received in dose 0.15-0.2 mg/kg/day orally (cumulative dose 8.5-10 mg/kg). Cyclophosphamide was initiated at a pulse dose intravenously (I.V.) of 10-25 mg/kg once in three weeks ( 1 g) three times or intramuscular (I.M.) every third day in doses 6-9 mg/kg/injection (cumulative dose 120-150 mg/kg). After the maximum dose of immunosuppressive agent the treatment was switched to the supporting dose of Chlorambucil (0.1 mg/kg/d) in all cases for 6-12 months period (cumulative dose 20-35 mg/kg) together with supporting dose of PRED.
Renal Biopsy
25 renal biopsies, performed in the years 2004-2006, as well as the 114 biopsies that performed before the year 2004 and might be subsequently reviewed, were included in the study. There were done blindly (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) or under ultrasound guidance (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . All the biopsies corresponded to SR NS. 27.3% (38) of biopsies were performed no later than six months after the disease onset, and 30.2% (42) of all biopsied patients had at least three years of NS history. No subsequent biopsy was performed.
All the renal biopsies were examined by light microscopy. Immunofluorescence was introduced only in the year 2004. The electron microscopy was done since the year 2001 when discrepancies between the clinical patterns and light microscopy were observed or in a case when the secondary NS was suspected.
All histological data were reanalyzed by one renal pathologist in the year 2008 who was blind to patients' clinical courses and outcomes. He reached the conclusion coincided with the previous diagnosis.
STATISTICAL ANALYSIS
The statistical analyses were performed using STATISTICA 8. Time dependent risk of development of CKD3 among two groups was estimated by Kaplan Meier survival method and statistical comparison of survival rates was performed using log-rank test [16] . The Cox proportional hazards regression technique was applied to explore the simultaneous effects of several explanatory variables on the risk of development CKD3 [16, 17] .
RESULTS
The present study included 1 349 children (788 male and 561 female) with mean age of 6.7 (±3.98, range 1-16) years and mean disease duration of 12 (±15.1, range 1-168) months. The characteristics of children according to the different time period are shown in Table 1 . No. of patients 1162 187
Gender ratio (male/female) 1.4 1.3
Age of disease onset, years (mean±SD) 6.7±3.9 6.8±47
Duration before the beginning of the treatment in clinic, months (mean±SD) 11±13 16±24
Follow-up, months (mean±SD) 65±44 30±17
No significant difference was observed for average age of onset of disease between the two periods. However, the mean duration of NS before observation in our clinic was significantly higher in 2001-2006 (p=0.001).
Changes of the NS age distribution were revealed between the two time intervals (1980-2000 and 2001-2006) . A significant decrease of the proportion of the patients in the age groups traditionally sensitive to PRED (2 and 3) was observed in combination with an increase of NS in the youngest and oldest ones (1 age group: from 11.2% (130) to 14.4% (27) , =0.041; 2 group: from 27.3% (317) to 23.0% (43), =0.034; 3 group: from 23.6% (275) to 14.4% (27) , =0.001; 4 group: 17.6% (204) to 20.3% (38), p=0.052; 5 group: from 20.3% (236) to 27.9% (52), =0.006).
Significant differences in the clinical presentations of NS were observed among the two specified time periods. During the years 1980-2000, "classic" NS and NS with hematuria were diagnosed in 59.4% (691) and 23.2% (270) cases, respectively. NS with isolated hypertension and NS with combined hematuria and hypertension were discovered in 1.0% (11) and 16.4% (190), respectively. After the year 2000 a significant increase in the proportion of NS patients with hypertension and those with accompanied hematuria were found (5.3% (10) Prevalence of DMP was discovered during the years 1980-2000 unlike the second time interval, when almost one half of biopsies revealed MCD or FSGS which is probably due to the diagnostic uncertainties ( Table 2) . The proportion of patients with Membranoproliferative glomerulonephritis (all cases diagnosed as type I) decreased in the years [2001] [2002] [2003] [2004] [2005] [2006] . No case of Membranous glomerulonephritis was found during the whole observational time. Fibroplastic glomerulonephritis, i.e. global sclerosis in the majority of glomerulus, combined with fibroplastic and atrophic changes in interstitium, was seen in each [6] [7] th kidney biopsy as the dramatic result of other histological damages.
A total of 52.1% (703) children from the whole cohort responded to the initial PRED therapy, whereas the remaining 47.9% (646) had SR NS. The age distribution of steroid sensitivity was changed over the time intervals observed (Fig. 2) . The percentage of SS NS children decreased in both the youngest and 9-12 years old groups. This percentage was stably high in patients aged from three to six years old and stably low in the oldest age group, clearly indicating the absence of any significant changes in PRED sensitivity among the two time periods. The only group in which the proportion of SS NS cases increased in the years 2001-2006 was the age group from six to nine years. Analysis of the clinical presentations dynamics exhibited an increase in the percentage of SR cases among "classic" NS (from 20.1% (139) to 26.5% (102), =0.035), and a decrease of these cases among NS with hematuria and/or hypertension (from 87.0% (410) to 80.5% (68), =0.039). was mainly used in patients who did not respond to the Chlorambucil pretreatment or in the case of severe edema. The same treatment was also induced in teenagers due to unfavorable prognostic patterns in this age group. After the year 2000 we used more saving programs: only a few patients, 3.7% (7), received Cyclophosphamide I.M., whereas 32.1% (60) was treated by I.V. mode. Additionally, the selective immunosuppressive agents were initiated as a second line treatment. Cyclosporine was prescribed in the dose 5-6 mg/kg/day (whole blood level 90-120 ng/ml) for 12 months in 5.9% (8) . The Mofetyl Mycophenolate treatment had the same duration with doses 500-600 mg/m 2 /day in 9.1% (17) [18] . Both therapy programs were combined with PRED supporting dose during the first 6-9 months.
To be more specific in analyzing the treatment effectiveness, we first focused on the clinical outcomes of SS NS in two time periods. 34.7% (213) and 33.4% (30) of SS children relapsed in the first and second time periods, respectively (p=0.092). Moreover, of those initially SS NS 1.8% (11) became secondary SR in the period 1980-2000, and the percentage of these patients increased significantly up to 5.6% (5) during the later time period (p=0.032).
We then analyzed the outcomes of SR NS where the remission was observed in more than half of the cases (Fig.  3) . The therapy response covering both complete and partial remission, varied between 52% and 57% in the time periods. It is important to notice that the complete remission was seen more often before the year 2001. Furthermore, both complete and partial remission were more stable, i.e. gave significantly less relapse in the earlier time interval (for complete permission 15.8% vs 35.0%, =0.030; and for partial permission 16.1% vs 22.6%, =0.122).
At the same time, the percentage of non-remission SR patients was considerably higher after the year 2000; (see Fig. 3 ). At the end of the follow up period, these patients did not demonstrate any features of CKD3, being still classified as the NS status. Even though the average time of developing CKD3 was estimated to be 14±23 months and 13±13 months, respectively, one cannot exclude the possibility of CKD3 in those non-remission SR children which were followed up more than 36 but less than 60 months (9.3% (17) % To evaluate the time dynamics of the risk of developing CKD3 among SR NS during a five years period since the beginning of observation in the clinic, we exploited the Kaplan-Meier survival function technique and estimated the probability (or risk) of CKD3 in the two periods under study. The Kaplan-Meier graphs represented the growth of the cumulative probability of developing CKD3 corrected by the censored times, i.e. by taking into account that the period of observation for some patients was cut off before the event of interest occurred (Fig. 4) . The resulting estimates of fiveyear risk of developing CKD3 were 39.7% for SR patients admitted between the years 1980 and 2000, and 27.7% for the patients admitted between the years 2001 and 2006, respectively. The graphs indicated a clear shift between the two cumulative probability functions and the significant difference in the risk of CKD3 for the two time intervals was found using a long-rank test (log-rank=2.67, p=0.008) [16] . Fig. (4) . Kaplan-Meyer analysis of the risk of CKD3 in childhood SR NS: total number -646, complete -225 (34.8%), censored: 421 (65.2%) (CKD3 chronic kidney disease, stage 3, NS nephrotic syndrome, SR steroid resistance).
To capture possible predictive factors of CKD3 in nephrotic children, the Cox regression model was fitted to the data observed over two time periods ( Table 3) . The response variable in the Cox regression expressed the hazard or risk of developing CKD3 at each small time interval over the follow-up as a function of several explanatory variables, which are known to affect the probability of CKD3 outcome and cannot be easily controlled for during the treatment. See the more detailed presentation of the actual method of the Cox regression modeling in [16, 17] .
The four variables, sex, age group, hypertension and the initial renal insufficiency, appeared to be highly significant individual prognostic factors for the risk of CKD3 in SR NS in the years 1980-2000 ( Table 3 ). Observe however, that the univariate approach relied on the independence between the feature variables, thereby totally ignoring the fact that the predictive potential of a variable may change when other variables also are included in the model. To simultaneously explore predictive properties of several variables on the risk of CKD3, we complemented our analysis by the multivariate Cox regression technique which partly confirmed our findings form the univariate analysis. Both initial renal insufficiency and hypertension remained highly significant predictive potential in the multivariate Cox model in the years 1980-2000 ( Table 3) . No individually significant predictors of CKD3 as found in the years 2001-2006, and therefore we did not proceed with fitting a multivariate Cox regression model. Table 3 for each risk predictor variable, together with their 95% CI. They allows for evaluation of the proportional change that can be expected in the hazard of developing CKD3, related to changes in the explanatory variables. For example, we found that the risk of CKD3 among girls with SR NS before the year 2001 was 32% higher than for boys (p=0.046). However, during the later time period, only a tendency of the risk decrease was observed, giving 22% higher risk for boys. A grows of estimated HR in various age groups was observed over two time periods. In the years 1980-2000, the smallest HR was observed in the age group 2, indicating the lowest risk of developing CKD3. However, during the later time period, this age group demonstrated the most unfavorable pattern, with an HR of 1.8 ( Table 3) . The clinical risk related variables, such as hematuria, hypertension, and initial renal failure, have shown relatively stable point estimates of HR, however not achieving required significance in the years 2001-2006 which could be due to small sample size in this time periods. Observe that the CI was longer in the second time period, reflecting higher estimator's uncertainty, which could also be interpreted as a small sample effect. 
The estimated HR was reported in the
complete remission, p=0.001 partial remission, p=0.006 none remission, p=0.001 CKD3, p=0.001
DISCUSSION
This is the single largest retrospective study performed in Ukraine comparing the demographic profiles and clinical outcome in children with NS between two diverse timeperiods. The focus of this study was on the selective cohort representing the most complicated NS cases.
The analysis of the demographic data showed that the median age of our patients at the onset of NS did not change between the two time periods, and was estimated to be 6.7 and 6.8 years, respectively, unlike the internationally reported data that assigned the average peaking of "classic" NS to 3-4 years [2, 3, 6] . These discrepancies might be explained by the selective properties of our cohort.
Changes in the age distribution and clinical patterns were found. A significant decrease the proportion of the age group of children, traditionally sensitive to the therapy (from three to nine years old), in combination with higher levels of atypical NS due to concomitant hypertension and initial renal impairment in 2001-2006 was observed. Unlike international data [1] [2] [3] [4] [5] [6] , our results also revealed a higher proportion of patients with SR for both time periods. These findings were the result of patient selection partly. An alternate explanation could be related to substantial changes in the NS pattern, thereby supporting the hypothesis on evolutionary processes in the disease course.
One of the important histological findings of our study was a growth of various types of FSGS in SR NS patients observed between the two time periods. These results were also supported by international reports [1, 2, 8, [19] [20] [21] [22] . The percentage of SR patients with DMP appeared to be far higher than in other studies [1, 3, 10] and could partly be explained by our laboratorial limitations before the year 2004. A stably high level of Fibroplastic Glomerulonephritis was found, indicating that the late biopsy testing was relatively common in both time periods, and that the clinical picture was more "aggressive". Observe however that our histological conclusions were not free from bias induced by a small sample of biopsy tests analyzed, in combination with the selective cohort properties.
The well-established international treatments strategy for NS children suggested PRED as the first-line therapy [23] [24] [25] . In general, childhood SSNS resulted in a complete remission, exhibiting however subsequent relapse in 50 to 80% of the cases [5, 9, 26] . Our practice of administration of the cytostatic agent directly after the first relapse significantly reduced the number of subsequent relapse rate, appearing to be about 33% for both time-periods. These results were achieved even though part of the patients with less than three years follow-up was excluded from study. Given that the losses in follow up might be explained by no relapsing, we could have had even more positive results in reducing the relapse rate by our treatment strategy.
The secondary SR (i.e. SR after relapse) is one of the features of poor prognosis. We found increasing SR in 2001-2006 years among initially SS patients (5.6% vs 1.8% in the first period of study). These findings contributed to the negative trends discovered in the NS evolution especially in comparison to the previously reported results where only 1 to 3% of the relapsing nephrotic children developed the secondary SR [4, 9] .
While the clinical management of SSNS seems to be relatively straightforward, the choice of the optimal treatment strategy of SRNS essentially depends on the histological patterns and generally was much more unclear. As already mentioned the principal differences between our and the international approaches to the treatment of NS is existed based on socio-economic conditions in Ukraine and relatively limited possibilities to the kidney replacement therapy. In order to provide a safety treatment we administrate both the prolonged initial PRED and higher cumulative immunosuppressant's doses. Our earlier studies have demonstrated their effectiveness in retarding the progression of renal damage [11, 15] . In spite of unavoidable side-effects reported in international studies [23, 24, 27] , the "aggressive" therapy can be used in nephrotic children in Ukraine since it improves or at least maintains their ongoing life quality. The detailed analysis of side effects and dramatic complications from the prolonged treatment was beyond the scope of this study. Despite the differences, the effectiveness of domestic treatment regimes was relatively similar to international results. The rate of CKD3 in our cohort was 17.6% in the years 1980-2000 and 11.2% for second time period which agreed with the international data reporting a renal survival rate of about 65-92% [3, 5, 19, 20, 23, [28] [29] [30] . In addition it is worth noting that some reviews have also recommended the prolonged courses of both PRED and cytostatic agents [1, 20, 25, 26] .
The earlier treatment strategy, while being more "aggressive", demonstrated better result in achieving complete remission. At the same time this strategy led to a higher frequency of developing CKD3 and gave no efficient retard of the decline of renal function in the absence of remission, unlike the treatment approaches accepted in the years [2001] [2002] [2003] [2004] [2005] [2006] . Some uncertainty in these conclusions was related to the study limitations discussed above, namely, that a follow-up time for part of the patients was shorter than 60 months. To overcome this limitation, we analyzed the cumulative probability of development CKD3 using the Kaplan-Meier survival estimation technique, a method which made it possible to correct probability estimations for different follow-up times. A significant decrease in the risk of CKD3 in the years 2001-2006 was observed. Improvement in the effectiveness of therapy was the result of changes in NS treatment strategy despite the increase in the proportion of patients with atypical course of disease in the last time interval.
The most important risk factor of the unfavorable prognosis of NS was the unresponsiveness to PRED. The interest in the identifying predictive factors for developing CKD3 was shown in many studies [3, 19, 20, 22, [27] [28] [29] [30] [31] . Generally, internationally reported results were essentially heterogenic and uncertain being usually obtained on much smaller samples than those in our study. We found that gender, age, hypertension and initial renal insufficiency (each individually) was significant in the prediction CKD3 for the first period of study, and last two of these variables remained highly significant even in the multivariate Cox model. However, none of them were significant in the years 2001-2006, which could be due to much smaller sample size as well as to shorter follow up period. Unless though statistical significance was not achieved, some of these variables, such as hypertension and initial renal insufficiency as well as their combination, could have high clinical significance. Nevertheless, the tendency observed in 2001-2006 is towards a higher hazard of developing CKD3 in male patients in the age from three to six years. Such combination has never been reported early and could contribute to generating hypotheses in searching for informative CKD3 predictors.
CONCLUSION
Our results suggest that a qualitative change in the course of childhood NS occurred between the years 1980-2000 and 2001-2006 revealing more severe patterns of the disease in the second time period. This supports the hypothesis about the evolutionary processes in the disease and indicates the need for updating of the current international NS management. The motivation for consideration of Ukrainian treatment strategy is the effectiveness of prolonged courses of PRED and immunosuppressive agents in reducing the relapse rate in SSNS and in retarding the progression of renal damage in SRNS.
